








ABSTRACT 

del studies of 2 intake channeltransition design 



Office of Chief Engineer Report No. Hyd-542 
Division of Resea rch  
Hydraulics Branch 
Denver, Colorado 
June 15, 1965 

HYDRAULIC MODEL STUDIES OF THE CANAL TRANSITION 

PURPOSE 

roach is s o  
canal aline- 





angled transition. The second alternative included a curved canal 
alinement with a symmetrical transition leading straight into the. 

T H E  MODEL 



canal alinement, Figure 5A, was tested first. r testingof the 
angled,transition the model was  modified to inc the curved canal 

sition, Figure  5C. 

THE INVESTIGATION 
. . 

flow patterns for each design a r e  presented simulta,neously in the 
. . 

opriate.figures of this report. . . 

e r  thanthe correct-value. By computing.the average 



reverse flow along the diverging sizewalls of the transit& especially 
the 'right side. These side eddies resulted in retardation of the flow 
entering the outside bays  (1 and 6) and, t o  a l e s s e r  extent, Bay 5. As 
described in  the introduction, the true effect of this asymmetrical flow 
distribution:is unknown; however, the result would probably be opera- 

Visual observations indicated that surface flow:conditions were improved 

ably because of the higher average velocity. 

A shift in the~velocity'  distribution; with higher velocities toward the left 
s ideof thetransit ion,  is apparent in Section C-C, Figure 6, with the 

'-flowmeter' axis paral le l  to  the' intake centerline. This velocity distribu- 
t i ~ n ~ i n d i c a t e s  that the flow has  begun to  turn  toward the intakes in the 
left portion of:the transition, but is continuing parallel to the canal center- 
line in the right portion." The velocity distribution,recorded with the 
flowmeter axisparal le l  to  the canal centerl.ine shows slightly higher 
velocities on the 'ieft s i d e  of t h e  transition. 

: Sheets 1 and 2 
Sheets 2, 3 ,  and 4 
Sheets 5, 6, 7, and 8 
Sheets 9, 10, and 11 
Sheets 11, 12, and 13 
Sheets 13, 14, and 15 

end of the trarisition.&d the g a t e s l o t s  
was .measuredas  0.105 foot (proto- 



s tar t  of the vertical elbowywas 0.054 foot (protbtype). 

No attempt was made to evaluate the energy (Coriolis) coefficient due 
to nonuniform velocity distribution because of inability to obtain accu- 
ra te  velocity data near the boundaries. This coefficient varies from 
unity a t  sections of uniform velocity distributiontolarger values depen- 
dent on the degree of nonuniformity. It is expected that the coefficient 
should be much higher at  the intakes than at  the upstream end of the 
transition. Application of appropriate coefficients to the velocity head 
in each of the two sections would result in a head loss value lower than 
that stated in  the preceding paragraph. 

Velocity distribution data for asymmetrical operation of the pumping 
plant indicated a pronounced effect of the angled approach, a s  shown 
onsheets 9 and 10 of Figure 8, Units 1, 2, 5, and 6 operating. Surface 
flow patterns were observed for several operating conditions, Fig- 
u re  10. Comparison of the surface flow patterns with Units 1, 2, 5, 
and 6 operating in Figure 10D with the corresponding velocity distri- 
butions illustrates the effect of the angled approach. Flow entering 
Bays 1 and 2 is fairly symmetrical, as evidenced by both the surface 
pattern and the velocity distribution. The flow generally approaches 
Unit 5 from the left, which results in higher velocities on the right side 
of the intake bay. The velocity distribution in Bay 6 is nearly symmet- 
r ical  except for  a high velocity on the left side near the surface. The 
surface flow pattern shows a slight curvature to the left which may be 
more pronounced downstream from the trashrack. Similar conclusions 
can be drawn for operation of Units 2, 3, 4, and 5 by comparing the 
velocity distributions on Sheets 10 and 11 of Figure 8 with the corre-  
sponding surface flow pattern in Figure 10E. 

Head loss data showed a wide variation but indicated that the loss 
between the upstream end of the transition and the intakes varied from 

ration to approx- 
mately 0.10 foot for  five- bay operation. 

etermine pos- 
improvements i n  the flow conditions by relatively minor changes 
basic design. Surface flow patterns and intake velocity distri- 
s a r e  shown in  Figures 11 and 12, respectively. 

he size of the reverse cu 



Modification No. 2 .  --The transitionwasfurther modifiedbywarp- 
i n g e  1-1 / 2: 1 side slopes to vertical walls at each side of the 
pumping plant, Figure 11B. This modificatior, resulted in  notice- 
able reduction in the s ize  of the reverse current on the left side of 
the transition but little change in. the velocity distribution. Veloc- 
ity distribution in  Bay 6 was unchanged because of t he  abrupt off- 
set in alinement of the right sidewall of the transition. Compare 
Sheets 13, 14, and 15 of Figure 8 with Sheet 2 of Figure 12. 

Modification No. 3. --Widening the bottom of the canal from 60 to ' 
80 feet was simulated by blocking off Bay 6 and reshaping the 
warped transition on the right side,so that i t  terminated ina1 : l  slope i! 

a t t h e  plant, Figure: l lC.  The reverse current still  prevailed but 
the distribution in the right outside bay (now Bay 5) and in Bay 4 
appeared to be improved, Widening the prototype canal would result 
in lowering the average velocity in the transition and consequently .. 

reduce the strength of eddies formed along the sides. The effect of 

ch canal having a 30" 



symmetry of the trahsition aileviated the higher vegcit ies on the right 
side,of the remaining intake bays. 

he effect of the curved cana1:alinement on the velocity distribution 

Slightly higher velocities on the outside of the curve were 
ed but the distribution was nearly symmetrical in the transition. 

he appearance of flow in  the symmetrical transition, F.igure 10A, was 
mproved over the angled transition and the intensity of the eddy cur- 

nts .appeared to be somewhat less  than those observed in the angled 
ition. The reduced eddy currents affected only Bays 1 and 6 while 
1, 5, and 6 were affected in the angled transition. 

transition, partic- 



model adequately =tepiesented the prototype distribution. After some 
modification to the model entrance, the measure%velocity distribution 
was as shown i n  Section A-A, Figure 14. 

20 percent depth, and in  several cases, an  accompanying large dis- 
tortion of the velocity distkbution w a ~ ~ o b s e r v e d  toward one side of the 
bay. Sbme difficultywas experienced'with the miniature propeller 
meter, which accounts for the zero and negative velocities. However, 

: the distribution indicates that the piers between the bays and the' curving 
surface flow induced a contraction on.the leeward side of the pier which 
resulted-in the d2scribed distortion. 'The question remains a s  to  why 
a similar effect was not observed with the curved approach. Inspection 
of the velocity distributions for the two transitions, Figures 8 and 15 



'ade of the foirnation of vortices in the intakes 
trashracks resulting from contraction of the flow 

he form of :a 









'igure 4 
leport Hyd- 542 









































Figure 10 
Report Hyd- 542 
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Figure 11 
Report Hyd-542 









Figure 12 
Report Hyd-542 

















Figure 15 
Report Hyd-542 







Figure 16 
Report Hyd-542 

SAN LUIS FOREBAY PUMPING PLANT 
CANAL TRI>;':XTION STUDIES 

1: 15 scale model 

Eddy currents in vicinity of stoplog 
slots - total discharge = 1 , 2 0 0  cubic 
feet per second, Bay 3 shown, 
symmetrical transition with straight 
approach. 






































